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DESCRIPTION 

METHOD OF, AND RECEIVER FOR, DETECTING THE 
PRESENCE OF DATA 

The present invention relates to a method of, and receiver for, detecting 
the presence of a data signai. Such a receiver is typically a recefcer section of 
a telemetry module used for applications such as automatic water metenng. 

Telemetry modules are installed in equipment which may be 
continuously in use for many years without being serviced. In the case of 
battery powered telemetry modules it is desirable for them to operate for up o 
10 yZ between battery replacements. To be able to ach.eve such long 
service lives the teiemetry modules operate in accordance wrth a protocol 
facing current saving whilst giving an adequate response time. Protocols 
achieving these obieotives are we,, known in various techmcal fields such as 
dS paging in which the OCR Ravaging Code No. 1, amatively Know 
as POCSAG, has been in use for nearly 20 years. The genera, approach 
fol ,owed ,s that the radio unit "sleeps- for long periods o, time bu, wakes up 
, periodically to check if there are any data signals being transmrtted on ,ts 
c annel. The wake-up period may be preset independently of whether or no 
signals are present. In a reflnemen. of this type of battery economy protocol^ 
when the radio unK has been woken-up, it checks for the presence of date 
hefore energising the entire receiver and if none is.detected within a penod of 
„ time which is shorter than the preset period, it powers down prematurely. 

„ the radio unit is unreliable in detecting data then firstly there . a 
probability of a false alarm (PCfalse alarm) or P(fa) for short) which is defined 
as me probability that a signal is "detected" by a data presence de^Co even 
when only noise is present, and secondly there is a probab,,,* o, fase 
3 „ dismissal (P(fa,se dismissal) or P(fd) in short) which is de ned as the 
probability that the data presence detector rejects a good s,gnal and takes* 
for noise. P(fd) is a more critical parameter because every smgle false 
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d ism,ssa, of data wil, cause a complete loss of a packet Typical system 
requirements are: P(fa) £ 1% and P(fd) s 0.1% 

An object of the present invention is to optimise the detection of the 
data presence for the shortest possible time that guarantees the min.mum 
reliability required whilst minimising the energy requirements. 

According to a first aspect of the present invention there - prov ded a 
method of detect the presence of digitally modulated data s.gnals, the 
72* including deferentially decoding the digitally modulated s,gna,s ,n,o 
Sampled complex signals comprising n samples per bit, forming a running 
m If successive groups of m samples, where m is less than n derrv,ng an 
absolute value for the successive running sums, weighting the absolute vaiue 
and lermining the presence o, data by comparing the weighted absolute 

value with a threshold level. 

According to a second aspect o, me present invention there ,s provded 

. receiver comprising means for receiving a digitally 

f or forming the digitally modulated signal into an ™'^^2 
decoded complex signa, comprising a stream of n samples per t * ™-n Jo 
forming a running sum of successive groups of m samples, where m ,s less 
, 72 n means for deriving an absolute value for successive running sum, 
weighting means for weighing the respective absolute values, and a 
Z rlr - comparing the weighted absoiute value w*h a threshold leve 
Z providing an output indicative of the presence of data in the recerved 

, 5 Sl9na ' 8 The present invention is based on a mechanism which comprises 
adding up the absolute value of the incoming signal, ^ 
feed threshold is reached or a time-out instant has passed. In the firs, case 
1 can be sure that a signal is present and in the second case one oa be 
certain tha, a signa, is not present. In a refinement o, the bas,c mechan sm 
3„ Tome account is taken of the previous samples' histo* and their value when 
combined with others. As a consequence of this single samples are no. 
considered but rather groups of samples collected together. 
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in the case of the data signals being 2-FSK signals, the running sum ,s 
made of the differentially decoded samples contained in the imagmary 
constellation. An advantage of choosing the imaginary constellation ,s that a 
faster result is obtained compared to a known technique in which the sum of 
the squares of 1 and Q signals is compared with a threshold value. 

The present invention will now be described, by way of example, with 
reference to the accompanying drawings, wherein: 

Figure 1 is a block schematic diagram of a receiver made in accordance 
with the present invention for use with a 2-FSK signal 

Figure 2 illustrates a constellation of 2-FSK demodulated data, and 
Figure 3 illustrates a statistical distribution of a counter value ,n the 
presence of signal and noise together with an indication of the weights W, 
assigned to each group or window; the abscissa represents the counter value 
and the ordinate the number of occurrences. 

The receiver shown in Figure 1 may be an independent receiver or the 
receiver section of a transceiver embodied in a telemetry module. For 
convenience both arrangements will be described as a rece,ver. 

The receiver operates in accordance with a battery econormsmg 
protocol whereby it is periodically woken-up from a sleep mode in which only 
those parts of the receiver essential to maintaining the receiver functional m rts 
sleep state are energised. 

An antenna 10 is coupled to a signal splitter 12 which supplies an mput 
s signal to first inputs 14, 15 of mixers 16, 17. A local oscillator 18 is coupled to 
a second input 20 of the mbcer 16 and, by way of a quadrature phase shrfter 
22 to a second input 21 of the mixer 17. The frequency of the local oscllator 
18 is selected to translate the signal received at the antenna 10 down to either 
a zero IF or low IF. The output from the mixer 16 is designated the ,n-phase 
„ signal ,(t) and the output from the mixer 17 is designated the quadrature phase 
signal Q(t). 
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The in-phase and quadrature phase signals l(t) and Q(t) are 
respectively filtered and digitised in low pass filters 24, 25 and analogue to 
digital converters (ADC) 26, 27. 

The ADCs 26, 27 oversample the signals l(t) and Q(t) and the samples 
5 are applied to a differential decoder 28. For example if the data rate is 150 
bits/s and the sampling frequency is 76.8kHz, the oversampling rate is 512 
samples per bit. The differential decoder 28 is of a known design and 
comprises a complex signal combiner 30 having a first output coupled by way 
of a delay stage 31 and a complex conjugate stage 32 to a first input of a 
10 multiplier 34 and a second output coupled directly to a second input of the 
multiplier 34. An output of the multiplier 34 is applied to a complex real and 
imaginary stage 36 which supplies a real output Re and an imaginary output 
Im both at the oversampled bit rate. 

Referring to Figure 2 for a moment, the main aim of the data presence 
15 indicator circuit DPI (Figure 1) is to distinguish signal from noise. In order to 
make the DPI circuit more efficient in the case of 2-FSK modulated 
transmissions the information available on the constellation expected for the 
demodulated digital signal is used. As shown in Figure 2 the constellation of 
the decoded signals lies entirely on the imaginary branch Im. Therefore 
20 integrating the data registered on the real channel Re, which is similar to pure 
noise, is not beneficial insofar as 2-FSK is concerned. By neglecting the 
contribution from the real channel, the speed of the detection process is 
increased with respect to known methods. For multilevel modulation schemes 
it will be necessary to include the contribution from both the real (Re) and 

25 imaginary (Im) outputs. 

Referring back to Figure 1, the oversampled imaginary output Im is 
supplied to a data presence indicator circuit DPI. The samples are supplied to 
a running sum counter 38, the output of which is coupled to a normally open 
switch 40. A counter 42 counts 32 samples and on the 32nd count it produces 

30 an output which is supplied firstly to a control input 44 of the switch 40 causing 
it to close transferring the running sum count to an absolute value stage 48 
and secondly to a reset input 46 of the counter 38 to reset the count to zero. 
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The absolute value count Xi from the stage 48 is sup P „ed to a comparator 50 
and to a muring stage 52 in which it is multiplied by a weig t,ng value VU 

Four threshold values tr1 to tr4 are supplied to respects ,nputs of the 
comparator 50 which has five outputs respectively for the cond*,ons: 
xlTr tr2< Xi <tn; «< X, <tr2; tr4<Xi<tr3 and Xi«r4. A we,ght,ng vaue 
selelg stage 54 has inputs coupled to each of the ft. outputs o, the 
curator 50 and selects a weighting value V* in response to which one of 

the five outputs is active. 

The product S = Xi-Wl is supplied to another comparator 56 , whc , * 
is compared to a threshold value supplied by a threshold stage 58. If the 
HsMd is exceeded then an output 60 of the comparator 56 will carry a at. 

Welded, the data presence indicator DP. wi„ time-ou. and the rece,ver 
reverts to a sleep mode before the expiry of its wake-up penod. 
, Referring to Figure 3, the drawing shows histograms of values of ft e 

running sum counts from the counter 28 aner the counting of 32 samp^ T e 
counts will vary between 0 and 32. The distribution o, no,se cot £ 
counts in the presence at noise on,y on the air. is shown by the short broKen 
lines and the solid black lines show the distribution of the signal counts^ 

By knowing in advance tha, the expected value of the counter 38 ,n he 
case of signal will be very dmerent (and generally higher) from the expend 
Tn. in the case of noise. This information is used to advantage ,n we,gh.,ng 
m of different measurements according to the degree of confidence 

25 ^rilpleofa genera,case,theda,a,soversamp,edinaway* a t 
the typical data period will be n samples long and this data period ,s d,v,ded 
g oups or windows of in consecutive samples, with m < n. In the presen 
Sample n = 512 samples per b* and m - 32 samples. In the embody t 
Z in Figure 1. each window of m samples is — d independe £ 
,„ from the preceding and succeeding windows, wh.ch allows a short h,s ory 
IbuJn. The value of the counter for each group o, m samples w, be 
between 0 and m. This number is weighted according to the dis.nbu.,on of the 
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da ,a in the histogram shown in Figure 3. In Figure 3 getting a value o, 

,o sianal and not noise. Therefore this informal™ can be werghted hgher 
a i l«on coming from a counter vaiue of 10. Thus the values of r1 to 

Tin Figure 1 define various break points in the counter values and the 

ZSZZ values W1 ,o WS (Figure 3) are assigned to the various bands ,n 

dependence on the confidence chosen. 
' Other methods of weighing can be employed besides the me. od u 

described As a genera, rule the weighting Vfl - f (correlation values) where 
hTfuncL can be any suitable linear or non-linear function appropnately 

liS according to the Knowledge of distribution o, the counter values ,n 
pained condUions such as noise only or d«eren, signal power levels. 
P The method of weighting need no, require counter values o be 
spared with threshold values. If the distribution of counts ,s Gauss,an then 
the weighting can be determined from: 
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where x is the absolute value counter value and 

a is the variance. _ 2 

,n another variant the weighting may be a square relatonsh.p. WW - 
where x is the absolute value counter value. 

A a consequence of weighting the counter values the opera«on o the 
data presence indicator is faster compared to a known technique based on 
lilg the sum of ,e squares o, the q— = 
comparing this with a threshold value and its re.,ab,l,ty ,s high. Because 
method is faster battery saving is enhanced considerably. 

T^e data presence indicator DPI may optionally include a power level 

"Tpower level estimator 6 2 , which is coupled to the output of the 
multiplying stage 52. can be implemented as a running average stage and the 
To" active, the higher the quaiKy of the estimate obtained. For example 
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. 1dB resolution can be obtained by averaging over a period corresponding to 
2 to 3 detection periods. The lower .eve, estimator itself will be the output of a 
counter having a variable slope depending on the quality of the data. The 
faster the slope of the ramp, the higher is the signal power. Simple averaging 
the counter values will give an accurate estimate of the input power. 

Although the embodiment of the present invention has been described 
with reference to 2-FSK modulation, the teachings of me present invent™, can 
be applied to higher levels of modulation in which case both the real output Re 
and the imaginary output Im have to be used by the DPI. 

m tt-e present specrScation and claims the word V or "an preceding an 
eiement does not exclude the presence of a plurality of such elements. Further 
the word -comprising- does no. exclude the presence of other elements or steps 
than those listed. 

From reading the present disclosure, other modifications Will be 
apparent to persons skilled in the art. Such modifications may invoke other 
telres which are already Known in the design, manufacture and use o< 
receivers having a date presence indicator stage and component parts 
therefor and which may be used instead of or in add-on to features already 
described herein. 



